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Personnel  Employed  at  Various  Times  on  This  Grant 

The  following  people  were  employed  as  post-doctoral  Research  Associates: 
Drs.  Tai  Shan  Fang,  Hiroshige  Okinoshima,  and  Bruce  I.  Rosen.  The  following 
people  were  employed  as  Research  Assistants  on  this  project:  Shin-Shin  Chen, 
James  Chihi,  Sair  Hagopian,  Bruce  I.  Rosen,  Jowrie  N.  Soysa,  H.S.D.  Soysa, 
Kent  P.  Steele,  Robert  Swaim,  Dongjaw  Tzeng,  and  Tai  Yin  Yang. 


Equipment  Purch as e d  during  G r a nt  Pe Hod 


The  following  equipment  was  purchased  for  use  as  parts  for  high 
pressure  liquid  chromatography  system  which  are  functioning  quite  well. 

1)  Strip  Chart  Recorder,  Fisher  Scientific 

2)  Laboratory  Data  Control  (LDC)  Model  709  Pulse  Dampener  for 
existing  Milton  Roy  Mini«pump 

3)  LDC  1107  Refracto-moni tor  with  low  index  prism.  Cole  Scientific 

4)  LDC  Cell  Assembly  (high-index  prism)  Cole  Scientific 

5)  Variable  Volume,  Universal  Injector  (7000  psi  rated),  Altex 

6)  Fraction  collector  FC-100  Gilson 

7)  A  Rheodyne  injector  for  the  HPLC  was  purchased  through  Applied 
Sciences  Laboratories 

8)  A  high  pressure  pump  for  a  liquid  chromatograph :  Altex  model 
110-00  which  permits  delivery  of  solvents  at  5000  psi  was  obtained 
through  Cole  Scientific 

The  following  other  equipment  was  purchased  for  use  on  this  grant: 

9)  450  Matt  power  supply  for  use  with  medium  pressure  mercury  lamp, 
Conrad  Hanovia 

10)  Rotavapor  Buchi ,  Van  Maters  and  Rogers 

11)  Vacuum  Pump,  Van  Maters  and  Rogers 

12)  Hewlett  Packard  flame  ionization  gas  chromatograph  model  571 1A 
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11.  Reinvestigation  of  the  Photolysis  of  Aryl-Substituted  Disilanes  in 
The  Presence  of  Dimethylsulfoxide,  H.S.  Dilanjan  Soysa  and  William 
P.  Weber,  J.  Organometal.  Chem.,  lj[3,  269  (1979). 

12.  Photo-Oxidation  of  1 ,1 ,l-Trimethyl-2,2,2-Triphenyldisi1ane  by  DMSO, 

Robert  E.  Swaim  and  William  P.  Weber,  J.  Am.  Chem.  Soc.,  101,  5703 
(1979).  - 

13.  Insertion  of  Dimethylsi lylene  into  0-H  and  N-H  Single  Bonds,  Tai-Yin 
Yang  Gu  and  William  P.  Weber,  J.  Oragnometal.  Chem.,  in  press. 

14.  Mechanism  of  the  Reactions  of  Dimethylsi lylene  with  Oxetanes, 

Tai-Yin  Yang  Gu  and  William  P.  Weber,  J.  Am.  Chem.  Soc.,  submitted. 

15.  Mass  Spectrometry  of  Aryl-substituted  Di-  and  Tri-Si loxanes , 

Robert  E.  Swaim  and  William  P.  Weber,  J.  Organic  Mass  Spectrometry, 
submi tted. 


Seminars  were  presented  on  work  supported  by  the  AROSR  at  the  following 
institutions : 


California  State  University  at  Fullerton,  February  24,  1977 
Pennsylvania  State  University,  November  10,  1977 


California  State  University  at  Northridge,  November  4,  1977 

Grace  Chemical  Company,  Research  Center,  Columbia,  Maryland, 

May  31,  1978 

University  of  Puerto  Rico-Rio  Piedras,  April  2,  1979 

Florida  State  University  at  Tallahassee,  Florida,  April  5,  1979 

University  of  Virginia,  Charlottesville,  Virginia,  April  9,  1979 


University  of  Maryland,  College  Park,  Maryland,  April  10,  1979 
Temple  University,  Philadelphia,  Pennsylvania,  April  12,  1979 


University  of  Delaware,  Newark,  Delaware,  AdHI  13,  1979 
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Invited  Lecturer  Kipping  Award  Symposium 

National  Meeting  of  the  American  Chemical  Society,  Anaheim,  California 
March  17,  1978 


Fifth  International  Symposium  on  Organosi 1  icon  Chemistry,  Karlsruhe, 
West  Germany,  August  14-18,  1978 

Reduction  of  Sulfoxide  by  Dichlorocarbene  under  Phase  Transfer 
Catalysis  Conditions  at  Pacific  Conference  on  Chemistry  and 
Spectroscopy,  September  28,  1978 

Organized  and  Chaired  Symposium  on  “Phase  Transfer  Catalysis"  at 
Pacific  Conference  on  Chemistry  and  Spectroscopy  at  the  American 
Chemical  Society  Western  Regional  Meeting,  San  Francisco, 

California,  September  28,  1978. 

XIII  Organosi 1  icon  Symposium,  Ann  Arbor,  Michigan,  March  30-31  ,  1979 

Photo-oxidation  of  1 ,1 ,l-Trimethyl-2,2,3-Triphenyldisilane  by  DMSO 
at  the  American  Chemical  Society  National  Meeting,  Washington,  O.C., 
September  1979  (presented  by  R.E.  Swaim) 


Research  Accompl ishroents 

Most  of  our  work  has  been  published  (see  publication  list).  Often 
results  related  to  a  single  goal  or  objective  are  the  subject  of  more 
than  one  publication.  For  this  reason,  1  will  attempt  to  summarize  the 
scientific  success  of  the  past  three  years  (October  1,  1976  to  Scptenber 
30,  1979)  achieved  with  the  support  of  the  Air  force  Office  of  Scientific 
Research  AROSR  77-3123.  I  hope  this  will  bring  our  work  into  clearer 
focus. 


Our  results  can  be  divided  in  six  main  areas. 
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A.  Several  aspects  of  the  chemistry  of  polysilane-polysul fides^Jw^e  been 
studied.  He  have  determined  that  the  easily  established  thermal  equilibra¬ 
tion  of  hex;  nethylcyclotrisil thiane  and  tetramethylcyclodisil thiane 
involves  t  h«  intermediacy  of  dimethyl  si lathione  [ (CH^)^Si *S]  a  reactive 
species  possessing  a  silicon-sulfur  double  bond. 
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Dimethylsilathione  generated  by  pyrolysis  of  either  hexamethylcyclotrisil thiane 
or  tetramethylcyclodisilthiane  has  been  trapped  by  insertion  into  S1-0  single 
bonds  of  hexanethylcyclotrisiloxane  or  1 .1  . 3,3-tetramethyl -2-oxa-l , 3- 
dlsilacyclopentane  to  yield  new  organosilicon  heterocycles  possessing  S1-0 
and  Si  - S  single  bonds.  H.S.D.  Soysa  and  W.P.  Weber,  J.  Organometal.  Chem. 

165,  Cl  (1979). 
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Ke  have  also  found  that  the  pyrol/sis  of  1 ,1 ,2,2-tetranethyl -1 ,2-di si  la- 
3, 6-dithiacyclohexane  to  yield  1 ,1 -dimethyl -1 -si  la-?  ,6-di thiacyclopentane 
1 ,1 ,2,2,4,4-he  ^methyl -1 ,? ,4-tri  si  la-3, 5-di thiacydopentane  and  ethylene 
in  equal  amounts  involves  the  intermediacy  of  dimethyls! lathione  as  an 
i  ntermediate . 
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The  reaction  occurs  via  a  three  step  mechanism.  The  first  step  Involves 
a  [r2s,it?s,ir2s]  cycloreversion  reaction  of  1 ,1  ,?,?-tetramethyl -1 ,2-disila- 
3,6-dithiacyclohexane  to  yield  ethylene  and  two  dimethyl  si lathione  inter¬ 
mediates.  This  step  is  rate  determining.  The  second  step  is  head  to  tail 
dimerization  of  the  dimethylsilathione  intermediates  to  yield  tetramethyl- 
cyclodisi 1 thiane.  The  third  step  involves  a  rapid  redistribution  reaction 
between  1 ,1 ,2,2-tetramethyl -1 ,2-d1s11a-3,6-d1thiacyc1ohexane  and  tetra- 
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methyl cyclodi si  1th lane  to  yield  1 ,1-dinethyl -l-sila-2,5-dithiacyclopentane 
ind  1,1 ,2,2 ,4 ,4-hexamethyl  -1  ,2 ,4-tr  i  s  i  la  -  3,5-di  thi  acydopentane  i  n  equal 
amounts.  H.S.D.  Soysa,  I.N.  Jung,  and  W.P.  Weber,  J.  Organometal.  Chem. 

1  71  ,  1  77  (1  979). 
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We  have  shown  that  sulfoxides  are  easily  reduced  by  disilthianes. 

This  is  one  of  the  few  applications  of  organosulfur  derivatives  of  silicon 
to  organic  synthesis.  Specifically  either  hexanethyl di si lthiane  or  hexa- 
methy 1 cycl otr i s i 1 thi ane  reacts  with  sulfoxides  in  chloroform,  or  methylene 
chloride  to  give  high  yields  of  the  corresponding  sulfides,  siloxanes,  and 
elenental  sulfur.  Advantages  of  this  method  are  that  yields  are  high,  the 
conditions  are  neutral  and  milds,  and  the  reaction  rates  are  rapid.  A 
number  of  functional  groups--such  as  B-keto  and  a-chloro  are  tolerated 
by  these  disilthiane  reagents.  H.S.D.  Soysa  and  W.P.  Weber,  Tetrahedron 
letters.  235  (1978). 
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8.  The  photochemical  generation  of  silicon-oxygen  doubly  bonded  intermediates 
and  the  study  of  the  insertion  of  these  intermediates  into  Si-0  single  bonds 

of  siloxanes  have  been  prinary  research  goals  of  this  project.  Such  insertion 

/V - ,  *e  ^ 

reaction  might  provide  new  ways  to  functionalize  silicone  polymers. 

He  have  generated  dimethylsilanone,  methyl  phenyl  si lanone  and  diphenyl- 
silanone  in  photochemical  reactions.  Our  first  success  in  this  project  was 
the  finding  that  dimethyl  si  1 yl ene  generated  by  photolysis  of  dodecamethyl - 
cyclohexasi 1 ane  would  deoxygenate  dimethyl  sulfoxide,  as  well  as  various 
tertiary  amine  oxides  to  yield  dir. ethyl  si  lanone  [(CH^)^Si*0]. 
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During  the  course  of  this  vrcrk  we  unexpectedly  found  that  dimethyl silylene 
would  insert  into  Si-0  single  bonds  of  hexamethylcyclotrisiloxane  to  yield 
l,l.?,?,4,a,6,6-octanethyl-3,5,7-trioxo-l ,2,4,6-totrasilacycloheptane. 

This  is  the  first  example  of  insertion  of  a  silylene  into  an  Si-0  single 
bond  of  a  siloxane.  H.S.D.  Sovsa,  H.  Okinoshima,  and  W.P.  Weber,  J. 
Organometal.  Them.  133,  Cl  7  (  1977). 


Unfortunately,  the  scope  of  this  insertion  reaction  was  found  to  be  limited 
to  angle  strained  siloxane  bonds.  Thus  dimethylsi lylene  inserts  into 


Si-0  single  bonds  of  hexamethylcyclotrisiloxane  but  not  into  the  less 
strained  Si-0  single  bonds  of  octamethylcyclotetrasiloxane.  Methyl- 
phenyls  i  lylene  was  found  to  be  less  reactive  than  dimethylsi lylene  in 
insertion  reactions  into  Si-0  single  bonds  of  siloxanes.  Thus  methylphenyl 
silylene  will  insert  into  the  strained  Si-0  single  bond  of  1 ,1 ,3,3-tetra- 
methyl -2-oxo-l ,3-disilacyclopentane  but  not  into  the  less  strained 
Si-0  single  bonds  of  hexamethylcyclotrisiloxane. 
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H.  Okinoshima  and  W.P.  Weber,  J.  Organometal .  Chem.  150,  C?5  (1978). 
Fortunately,  no  such  limitation  has  been  found  in  the  insertion  of 
silanone  intermediates  into  Si-0  single  bonds  of  siloxanes. 

\ 

(CH3)3S1  -0-S1  (CH3)3  ♦  [fi^Si  =0]  -  (CH3)3S1  -0-Si -0-S1  (CH3)3 

♦ 

R.E.  Swaim  and  W.P.  Weber,  J.  Am.  Chem.  Soc.,  1 01 ,  5703  (1979). 
Insertion  reactions  of  dimethyl s 1 1  anone,  methyl  phenyl  si lanono,  and 
diphenyl silanone  into  Si-0  single  bonds  of  siloxanes  have  been  studied. 
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We  have  alw  found  that  photo-oxidation  of  aryl  substituted  disilanes 
in  the  presence  of  dimethyl  sulfoxide  proceeds  by  two  major  pathways. 

One  involves  direct  oxidation  of  the  Si-Si  single  bond  of  the  disilane 
to  yield  a  disiloxane  and  dimethyl  sulfide. 


Ph 


The  second  Involves  nucleophilic  attack  by  the  oxygen  of  OMSO  on  the 
aryl  substituted  silyl  center  of  the  photoexcitcd  disilane  which  causes 
the  aryl  group  to  migrate  to  the  other  silyl  center  resulting  in  formation 
of  an  aryl  substituted  monosilane,  a  silanone  intermediate  and  dimethyl- 
sulfide  in  a  single  step. 


— *  JPh.S.  Ol  ♦  M*,S  ♦  (CH,),8iPh 

III 

This  reaction  has  been  studied  In  detail  for  both  aryl  substituted  di - .  In 
tetrasllanes.  H.  Okinoshlma  and  W.P.  Weber,  J.  Organometal .  Chen.  149, 


?79  (1978),  H.  Okinoshina  and  W.P.  Weber,  J.  Organometal.  Chem.  1 55 . 

165  (1976).  The  fact  that  the  quantum  yield  for  these  photochemical 
oxidation  reactions  are  quite  high  -  .5)  is  of  particular  importance. 
Silanone  intermediate  can  be  generated  with  high  efficiency.  Kinetic 
data  was  found  to  fit  the  following  mechanistic  scheme. 


I  ♦  hit  — -»  !•  •  Mr, SO  • —  *  compln  — *  pioducl* 
drcompoMtion 


I  ■  aryl  substituted  disilane 


The  rate  of  disappearance  of  D^SO  was  found  to  obey  the  kinetic  expression 


below.  I  ■  light  intensity. 

(I 


.....  cnu.  M.lMcjSOI 
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A  Stern-Volner  plot  of  1/1  versus  1/[PVS0]  was  found  to  be  linear  with  an 
intercept  of  approximately  unity--as  predicted. 


I  /[DM  SO] 


Stern-Volner  denendence  on  *1e?S0  concentration  of  the  quantum  yield  for 
reaction  I  withMo.SO. 


Further  in  the  case  of  1 ,1 , 1 -trimethyl -?,?, 2- triphenyldisi lane  a 
major  solvent  effect  on  the  ratio  of  the  two  photo-oxidation  processes  was 
found.  Thus  in  furan  ‘.'•'vent  formation  of  diphenyls ilanone  was  the 
major  process.  While  in  tetrahydrofuran,  the  formation  of  1 ,1 ,1-trimethyl- 
3,3,3-triphenyldisi loxane  was  the  dominant  pathway.  M.S.D.  Soysa  and 
W.P.  Weber,  J.  Organom^tal .  Chem.  173,  269  (1979),  R.F.  Swaim  and  W.P. 

Weber,  J.  Am.  Chem.  Soc.  101,  5703  (1979). 

... 

>  I 

C.  Novel  reactions  of  silylenes, 

/ 

Dimethylsi lylene  generated  by  photolysis  of  dodecamethylcyclohexa- 
silane  has  been  found  to  insert  efficiently  into  0-H  single  bonds  of 
water  and  alcohols  as  well  as  into  N-H  angle  bonds  of  amines  to  yield 
respectively  alkoxydirr.ethylsi  lanes  and  aminodimethylsilanes. 

I 

R-O-H  ♦  [(CH  )  Si:]  -  R-O-Si-H 

I 

J  I 

(CH3)3NH2  ♦  C(CH3)?Si : ]  -  (CH3)3-A-Si-H 

Insertion  of  dimethylsi lylene  into  0-D  bands  of  deuterated  alcohols  provides 
an  efficient  route  to  alkoxydimethyl si lane-Si -d^ 

CH3-CH?-0-D  ♦  [ ( CH3 )  pS i : ]  *  CM3-CH2-0-Si-D 

This  reaction  should  provide  th«  most  economical  method  to  prepare 
deuterated  silanes.  T.Y.Y.  Gu  and  W.P.  Weber,  J.  Organometal.  Chem., 
in  press  (1979).  (A  pre-print  of  the  manuscript  appears  as  Appendix  1). 


The  reaction  of  dimethylsi lylenes  with  oxetanes  has  been  found  to 
give  high  yield  of  al lyloxydiniethyl si  1 ane  and  P.P-din^thyl - 1 -oxa-2- 
si lacyclopentane.  The  formation  of  these  products  results  from  decompo 
sition  of  an  initial  l ,?-/wi tterionic  intermediate  formed  coordination 
of  the  electrophilic  dimethylsi lylene  with  the  oxygen  of  oxetane. 


'  ♦  [(CH3)2S1 : 3 

' - 0 


Similar  results  have  been  obtained  in  reactions  of  dimethysi lylene  with 
2-r.iethy  loxctane ,  ?,?-dimethy  loxetane,  3,3-dimethyloxetane  and  ?- vinyloxetane. 


While  dimethylsi lylene  does  not  react  with  strained  aliphatic  ethers-- 
it  may  well  for  complexes  with  them.  Clearly  the  influence  of  solvation 
on  si lylene  reactivity  needs  to  be  determined.  This  paper  Dy  T.Y.Y.  Gu 
and  W.P.  Weber  has  been  submitted  to  the  Jour,  of  the  Amer.  Chem.  Soc .  for 
consideration.  A  preprint  is  included  as  Appendix  II. 
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V 

D.  Work  has  been  done  to  elucidate  the  mass  spectral  fragmentation 
patterns  of  several  classes  of  aryl  substituted  disiloxanes^ '  Isotopic 
labelling  and  peak  matching  were  used  to  substantiate  the  proposed 
fragmentation  mechanisms. 

Siliconium  ions  dominate  the  spectra.  Loss  of  neutral  fragments 
from  the  M-15  ions  is  important.  For  example,  the  M- 1 5  ions  of  phenyl  - 
pentamethyldisiloxane  looses  methane,  dimethylsi lanone  and  phenyl- 
methyl  si  lanone  to  yield  daughter  siliconium  ions. 


\ 


Hi  CH, 

I  3  ♦  /  3 


[(CH3)S1-0]  ♦  4-S{CH3)2 


CH 


.Si-O-Si  CH,  ,  ;  i-Si -0-Si 
/  is*  |  \ 

CM,  CM,  X 


U-CH3Si=0] 


■H 


(CH3)2S\^i(CH3)2j 


(CH3)3S1 


/  -CH. 

*  4 


CH3-SN0/ii(CH3)2 


*  metastahle  observed 


A  manuscript  reporting  these  results  has  been  submitted  to  the 
Jour,  of  Organic  Hass  Spectrometry  for  consideration.  A  copy  of  this 
manuscript  is  included  as  Appendix  III. 


H.S.D.  Soysa  and  W.P.  Weber,  Tetrahedron  Letters  1969  (197B).  This  work 
is  related  to  the  previously  discussed  deoxygenation  of  sulfoxides  by 
disilthiancs--$ee  section  A. 


1  >  F.  W#  have  examined  the  gas  phase  vacuum  pyrolysis  of  several  five  membered 
heterocycl ic-1 ,2-butadienes. *  flectrocydic  reaction  yields  4,6-dihydro- 
benjro-furans ,  thiophenes  and  indoles. 


x  «=  o,  s,  n-ch3 


B.I.  Rosen  and  W.P.  Weber,  Tetrahedron  Letters  151  (1977).  This 
reaction  provides  an  efficient  route  to  these  pjrtially  reduced  hetero- 
cycles  which  are  inaccessible  by  other  methods. 

Finally,  we  have  reviewed  our  work  on  similar  electrocycl ic  pyrolysis 
reactions  to  prepare  di hydroaroma  tic  compounds.  W.P.  Weber  and  B.I.  Rosen, 
Chcm.  Tetrahedron.  690  (1977). 
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APPENDIX  I 


INSERTION  OF  DIMCTHYLSIL YLENC  INTO  0-H  AND  N-M  SINGLE  BONDS 

Ta 1  -Yin  Yang  Gu  and  William  P.  Weber* 

Department  of  Chemistry 
University  of  Southern  California 
Los  Angeles,  California  S0007 


Abstract 

Oimelhylsilylene ,  generated  by  photolysis  of  dodecanethylcyclohoxas ilane 
inserts  efficiently  into  0-H  single  bonds  of  alcohols  to  yield  aHoxydimethyl 
silanes.  Use  of  ethanol -0-dj  yields  ethoxydinet hyl si lane-SI -dj . 
Dimethylsilylene  also  inserts  into  0-H  single  bonds  of  water  or  D?0  to 
yield  respectively  tetramethyl si loxane  or  tetramethylsiloxane-SI^-d^ . 
Dimethylsilylene  also  inserts  into  N-H  bonds  of  1*  and  ?°  amines  to 
yield  aminodincthylsilanes.  This  reaction  provides  an  efficient  route 
to  di functional  silanes. 
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lnscrtion  reactions  of  dimethylsilylene  Into  silicon-hydrogen  single 

1  ?  3  4 

bonds,  *  and  Into  silicon-oxygen  single  bonds  of  alkoxysi lanes,  '  and 

5  6 

strained  cyclic  siloxanes  *  have  been  previously  reported.  We  should 
like  to  report  insertion  reactions  of  dimethyl silylene  into  both  0-H  and 
N-H  single  bonds  which  provide  efficient  methods  to  generate  difunctional 
organosilanes. 

Dimethylsilylene  generated  by  photolysis  of  dodecamethylcyclohexa- 

4 

silane  in  a  solution  of  ether  and  ethanol  yields  ethoxydimethylsilane 
(87?).^  Yields  are  reported  based  on  the  generation  of  two  dimethyl  si lyl encs 
for  each  dodecamethyl cyclohexasi lane  which  is  the  limiting  reagent.  Similar 
reaction  of  dimethyl silylene  with  ethanol-O-dj  yields  ethoxydimethylsilane- 
$1-dj  (842).  We  believe  this  procedure,  which  docs  not  involve  reduction 
with  lithium  aluminum  deuteri de,  nay  provide  the  most  efficient  and  economical 
route  to  functional  deuterium  labelled  silanes. 

i-0-CM?CH3 


I(CH3)2S1:] 


ch3ch?-o-d 


(CHJ?S 

.  3!i 


Similar  reactions  of  dimethylsilylene  with  methanol  and  t-butanol  yield 

D  Q 

methoxydimethylsilane  (89"'.)  and  t-butoxydimethyl s i  1  anc  (85?)  respectively. 
Likewise,  methyl  phenyl silylene  generated  by  photolysis  of  octamethyl -2 ,3- 
diphenyl  tetrasi  lane^’^  In  a  solution  of  ether  and  t-butanol  yields  t- 
butoxymcthylphcnylsilane  (77^) . 


H 

o-c(ch3)3 


It  should  be  noted  that  the  reaction  of  di fluorosilylene  with  methanol 


did  not  yield  the  expected  adduct,  methoxydi fluorosilane,  although  it  was 

proposed  as  an  intermediate  involved  in  the  formation  of  dimethoxydi fluorosilane, 

12 

a  minor  product  of  this  reaction. 


€ 

Dimethylsilylene  also  Inserts  into  the  0-H  single  bonds  of  water  to 

yield  tetramethyldisiloxane  (85X).  The  reaction  Is  carried  out  by  photolysis 

of  a  solution  of  dodecamcthylcyclohexasilane  in  ether  saturated  with  water. 

The  efficiency  of  this  reaction  makes  it  imperative  that  anhydrous  conditions 

be  rigorously  maintained  if  reaction  of  dimethylsilylene  with  other  substrates 

arc  to  be  successful.  If  water  is  replaced  by  P^O,  tetramethyldisiloxane- 

Sip-dp  is  produced  (8?t).  Analogous  reaction  of  difluorosilylene  with 

water  to  y-ield  tetrafluorodisiloxanc  has  been  previously  observed.^ 

[(CH3)pS1:]  4  0^0  —  (cH3)2^1 

D 

Likewise,  dimethylsilylene  inserts  into  N-H  single  bonds  of  secondary 

14 

amines,  such  as  diethylamine  and  ?,2-dinethy1a2ir1dinc  to  yield  respectively 

1 5 

N,N-diethylaminodinethylsilane  (BIX)  and  2,?-dirothylaziridinod1methyl- 
sllane  (B5T).  Ho  Insertion  of  the  dimethylsilylene  into  the  strained 
carbon-nitrogen  single  bonds  of  the  2,2-dimethylaziridine  was  observed. 

N-H  4  [(CHjJpSI :]  - ^pN-J1(CH3)2 

The  insertion  of  dimethylsilylene  into  one  of  the  primary  N-H  single  bonds  of 
t-butylanine  yields  N-t-butylaminodimethylsilane  (8GX).^® 

On  the  other  hand,  photolysis  (?537  A)  of  an  ether  solution  of 
dodecamethylcyclohpxasi lane  and  n-propanethiol  did  not  yield  any  n-propyl- 
thlodimethylsilane,  the  expected  product  of  insertion  of  dimethylsilylene 
into  the  S-H  single  bond  of  n-propanethiol. 


Experimental 


IR  spectra  were  determined  as  CCl^  solutions  on  a  Perkln-Elner  ?8l 
spectrometer.  ffiR  spectra  were  recorded  on  a  Varian  Xl-100  spectrometer 


using  51  solutions  in  CDClj  with  an  internal  standard  of  chloroform.  Mass 
spectra  were  determined  on  a  duPont  21-49?  at  an  ionizing  voltage  of  70  eV. 
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UV  spectra  were  run  on  a  Beckman  Acta  M  spectrometer.  Samples  of  all 
compounds  for  spectra  analysis  were  purified  by  preparative  vapor  phase 
chromatography  on  a  Hewlett  Packard  rSM  700.  Yields  of  products  were 
determined  by  GLPC  with  cyclooctane  added  as  an  internal  standard. 

Yields  are  based  on  two  moles  of  dimethylsilylene  per  mole  of  dodecamethyl - 
cyclohexasilane. 

All  of  the  starting  materials  and  most  of  the  products  arc  known 
compounds.  They  had  physical  and  spectral  properties  in  complete  agreement 
with  literature  values.  In  those  cases  where  spectral  data  have  not  been 
previously  reported,  we  have  included  these  data. 

Ether  and  tetrahydrofuran  were  purified  by  distillation  from  a  solution 
of  sodium  benzophononc  ketyl  Immediately  prior  to  use. 

Diethylanine  and  t-butylamine  were  distilled  from  potassium  hydroxide 
pellets  immediately  prior  to  use. 

2,2-Dir,ethyla^iridinc  was  prepared  from  ?-amino-2-methyl -1 -propanol 

14 

by  the  method  of  Meyers. 

Absolute  ethanol  was  used  without  further  purification.  Methanol  and 
ethanol -0-dj 7  were  refluxed  over  calcium  oxide  and  were  distilled  immediately 
prior  to  use.  t-Butanol  was  refluxed  over  calcium  hydride  and  was  distilled 
immediately  prior  to  use.  Deuterium  oxide  (D^O)^  was  used  without  further 
purl fication. 

Dodecanethylcyclohexasilane  was  prepared  by  the  reaction  of  dimethyl- 

18  19 

dichlorosilane  and  excess  lithium  metal  in  tetrahydrofuran.  * 

0c tanethyl-2, 3-diphenyl tetrasilane  was  prepared  by  the  reaction  of 
trinethylchlorosilane  and  methylphenyldichlorosilane  with  lithium  metal 
in  tetrahydrofuran.^ 

Photo lysis  of  dodcc amethylcyclohexasilane  in  2,2- dlmet hylariridine . 

The  following  is  a  typical  procedure.  A  solution  of  dodecamethyl cyclo- 
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hexasilane  ( 1  OS  mg,  0.3  mmol)  in  2,2-dimethylaziridine  (1.4?  g,  ?0  mmol) 
was  placed  in  a  quartz  nmr  tube.  The  solution  was  dcoxygenated  by  bubbling 
purified  nitrogen  through  it  for  10  min  prior  to  Irradiation  with  a  450  W 
medium  pressure  Hanovia  llg  lamp  for  90  min  at  5°C  in  an  ice/water  bath. 

GLPC  analysis  of  the  resulting  colorless  solution  on  a  1/4"  x  7'  20%  SE-30 
on  Chromosorb  W  60/80  mesh  column  indicated  R5%  yield  of  2,2-dimethylaziridino- 
dimethylsilane.  It  had  the  following  spectral  properties:  IR  Si  - M  2060  cm~\  NMR  6 
4.27  (sept.  1H,  J  *  3  Hz),  1.65  (s,  2H),  1.24  (s,  6H),  0.19  (d,  6H,  J  ■  3  Hz). 

Mass  spectrum:  Parent  m/e  ■  129  (54%),  ealed.  C^H^NSi  129.097;  found 
129.097;  P-1  m/c  =  128  (78%),  P-15  m/e  ■  114  (1001). 

Photolysis  of  dodecamethylcyclohexasll ane  in  dirthylamine  was 
carried  out  as  above  to  yield  N.N-dietliylaminodimethylsilane^  (Rl»).  It 
had  the  following  spectral  properties:  IR  SI -H  2120  cm*\  NMR  6  4.?7 
(sept.,  1H,  J  -  3  Hz),  2.79  (q,  4H,  J  «  7  Hz),  0.97  (t,  6H,  J  «  7  Hz), 

0.095  (d,  6H,  J  *  3  Hz).  Mass  spectrum:  Parent  m/e  *  131  (20%),  P-1  m/c 
■  130  (8%),  P-15  m/c  *  116  (100%). 

Photolysis  of  dodccamethylcyclohexasilane  in  t_-butylamine  was 
carried  out  as  above  to  yield  N-t-butylaminodimothylsilane^f’  (86?) .  It 
had  the  following  spectral  properties:  IR  N-H  3395  cm"\  Si  - H  2110  cm . 

NMR  6  4.49  (d  sept..,  1H,  J  *  2.75  and  3  Hz),  1.11  (s,  9H),  0.097  (d,  6H, 

0*3  Hz).  Mass  spectrum;  Parent  m/e  =  131  (21%),  P-15  m/e  =  116  (100%). 

Photolysis  o f  dodccame thylcyclohcxasi lane  wj th  wa ter . 

Oodecamethylcyclohexasilane  (70  mg,  0.2  mmol)  was  dissolved  in  ether 
(1.18  g,  16  mmol)  •  saturated  with  water  in  a  quartz  NMR  tube.  This 
solution  was  photolyzed  as  al>ove  and  the  resulting  colorless  solution  was 
analyzed  by  GLPC  on  a  1/4"  x  12'  20%  SF-30  on  Chromosorb  W  60/80  mesh 
column.  1 ,1 ,2,2-Tetramethyldisiloxanc  (85%)  was  Isolated.  It  was 
identified  by  comparison  of  its  IR  and  NMR  spectral  properties  and  GLPC 
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retention  time  with  those  of  an  authentic  sample.  IR  SI  - H  2120  cm  , 

Si-0  1 0S5  cm'1.  NMR  6  4.66  (sept.,  2H,  J  *=  2.0  Hz),  0.17  (d ,  6H,  J  = 

?.R  Hz).  Hass  spectrum:  Parent-1  m/e  =  133  (7 2X),  P-16  m/e  =  119  (100X). 

Photolysis  of  dodccanethylcyclohexasilane  with  D,0  was  carried  out 
as  above.  1 ,1 ,2,2-Tctranethyld1siloxane-Si2-d2  was  obtained  in  822 
yield.  It  had  the  following  spectral  properties:  1R  Si-0  1560  cm"1 , 

Si-0  1055  cm  1 .  NMR  6  0.17  (s).  Hass  spectrum:  Parent-2  m/c  ■  134 
(52X) ,  P-15  m/e  ■=  121  (100X). 

Photolysis  of  dodecamethylcyclohcxasilane  with  ethanol . 

A  mixture  of  dodccanethylcyclohexasilane  (70  ng,  0.2  mol)  and 
ethanol  (230  mg,  5  mmol)  was  dissolved  in  ether  (1.11  g,  15  mmol)  in 
a  quartz  flHR  tube.  This  solution  was  photolyzed  as  above.  Analysis  of 
the  resulting  colorless  solution  by  GLPC  on  a  1/4"  x  12'  20X  SC-30  on 
Chromosorb  VI  60/80  mesh  column  showed  the  formation  of  ethoxydimethyl - 
silane  (R7X).^  It  had  the  following  spectral  properties:  IR  Si-H  2110 
cm"1,  Si-0  and  C-0  1080,  1110  cm"1.  NMR  6  4.59  (sept.,  1 H,  J  «  2.8  Hz), 

3.68  (q,  2H,  J  =  7  Hz),  1.19  (t,  3H,  J  =  7  Hz),  0.19  (d,  6H,  J  *  2.R  Hz). 
Hass  spectrum:  Parent  m/e  *  104  (44X),  P-1  m/e  ■  103  (100X),  P-15 
m/e  ■  89  (72X),  P-29  m/e  *  75  (81 X). 

Photolysis  of  dodecaroethylcyclohexasilane  with  ethanol -0-d^  was 
carried  out  as  above.  Ethoxydiret hyl si  1 ane-Si-dj  was  obtained  in  84X  yield. 
It  had  the  following  spectral  properties:  IR  Si-D  1535  cm"1,  Si-0  and 
C-0  1080,  1110  cm"1.  NHR  6  3.68  (q.  2H,  J  -  7  Hz),  1.19  (t,  3H,  J  *=  7  Hz), 
0.19  (s,  6H).  Hass  spectrum;  Parent  m/c  ■  105  (3.3X),  P-2  m/e  *  103 
(54X) ,  P-15  m/e  «  90  (100X). 

Photolysis  of  dodecamcthylcyclohoxasUane  with  t_- butanol  was  carried 

g 

out  as  above.  t-Butoxydimethylsilane  was  obtained  in  85X  yield.  It 
had  the  following  spectral  properties.  IR  Si-H  2110  cm"1,  S1-0  and  C-0 
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1020  and  1045  cm'1.  NMR  6  4.72  (sept . .  1H,  J  -  2.8  He),  1.26  (s,  9H), 

0.16  (d,  6H,  J  =  2.8  Hz).  Hass  spectrum:  Parent-1  m/e  ®  131  (0.22), 

P-15  m/e  =  117  (582),  P-57  m/e  ■  75  (1002). 

Photolysis  of  dodecamethylcyclohexasllane  with  methanol  was  carried 
out  as  above  except  that  THE  was  used  In  the  place  of  ether  as  solvent. 
Hethoxydimethylsilane^  was  obtained  In  892  yield.  It  had  the  following 
spectral  properties:  IR  Si -II  2120  cm'1,  S1-0  and  C-0  broad  1095  cm'1.  NMR 
4.57  (sept.,  1H,  J  «  2.8  Hz),  3.45  (s.  3ll),  0.19  (d,  CM,  J  «  2.8  Hz). 
Photolysis  of  octamethyl 3-diphenyl tetrasllane  with  t-butanol. 

A  mixture  of  ocatmethyl-2,3-diphenyltetrasilane  (42.5  mg,  0.11  mmol) 
and  t-butanol  (122  mg,  1.65  mmol)  was  dissolved  In  ether  (1.11  g,  15  mmol) 
in  a  quartz  NMR  tube.  This  solution  was  photolyzed  as  above. 

GLPC  analysis  of  the  resulting  pale  yellow  solution  on  a  1/4"  x  12'  202 
SE-30  on  Chronosorb  W  60/P.0  nesh  column  indicated  a  772  yield  of  t- 
butoxyr, ethyl  phenyl  si  lane.  It  had  the  following  spectral  properties. 

IR  Ci-H  " l 30  cm  1 ,  S1-0  and  C-0  1020  and  1040  cm  1 .  UV  (cyclohexane) 

\h  W0  A  (c  397).  Xjmx  2530  (490),  2590  (600),  2640  (5RR), 

Xmx  2700  (441  ),  X$h  2750  (206).  NMR  6  7.62-7.45  (m,  2H),  7.39-7.25  (m, 

3H) ,  5.12  (q,  1H,  J  «=  2.R  Hz),  1.28  (s,  9H),  0.40  (d,  3H,  J  =  2.R  Hz). 

Hass  spectrum:  Parent  m/e  «  194  (16.52),  ealed.  C^H^OSi  194.113,  found 
194.115;  P-15  m/c  *=  179  (752);  P-57  m/e  =  137  (1002). 
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APPINDI X  II 


Mechanism  of  the  Reactions  of  Dimethylsi lylene  with  Oxetanes 

Tai-Yin  Yang  Gu  and  William  P.  Weber 
Department  of  Chemistry 
University  of  Southern  California 
Los  Angeles,  California  90007 


Abstract:  Dimethylsi lylene  reacts  with  oxetane  to  give  high  yields  of 
al lyloxydi methyl  si  lane  and  2,?-dimethyl-l-oxa-2-silacyclopentane.  These 
products  result  from  decomposition  of  an  initial  1 ,2-?wi tterionic  inter¬ 
mediate  which  is  formed  by  coordination  of  the  electrophilic  dimethyl- 
silylene  with  the  oxygen  of  oxetane.  Similar  results  have  been  obtained 
from  the  reactions  of  dimethylsi lylene  with  2-methyloxetane,  2,2-dimethyl  - 
oxetane,  and  3,3-dimcthyloxetane. 


We  should  like  to  report  a  novel  insertion  reaction  of  dimethylsilylene 

into  the  strained  carbon-oxygen  single  bonds  of  oxetanes.  For  example, 

2 

dimethylsilylene  generated  by  photolysis  of  dodecamethylcyclohexasilane 
in  oxetane  solvent  at  0°C  yields  al lyloxydimethylsi lane  (I)  (38%)  and 

4 

2,2-dimethyl -1 -oxa-2-si lacyclopentane  (II)  (41%).  The  yields  reported 
are  based  on  the  generation  of  two  dimethylsilylenes  from  each  dodecamethyl - 
cyclohexasi lane. 

t(CH3)2Si:]  ♦ 

H 

I  II 


<^x^0-Si(CH3)2 


Os. 


<ch3>2 


It  should  be  noted  that  in  control  experiments  no  reaction  of  dimethyl- 
silylcne  with  unstrained  aliphatic  ethers  such  as  tetrahydrofuran  or 
diethyl  ether  was  observed.  The  reaction  of  dimethyl  si lylene  with 
oxetane  to  yield  II  must  be  quite  exothermic  (at  least  100  keal/mol)  on 
the  basis  of  thermochemical  bond  additivity.  Thusy the  reaction  involves 
breaking  a  carbon-oxygen  single  bond  (85.5  keal/mol);  formation  of  new 
silicon-carbon  (76  keal/mol)  and  silicon-oxygen  (106  keal/mol)  single 
bonds;^  and  release  of  the  oxetane  strain  energy  (-  25  keal/mol).^  This 
calculation  is  incomplete  due  to  the  lack  of  knowledge  concerning  the 
probably  small  strain  energy  of  II,  which  may  result  from  constraint  of 
a  Si-O-C  bond  in  a  five  menbered  hetcrocycle.  The  facile  polymerization 
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of  II  may  reflect  this  strain  energy. 


If  II  is  formed  by  direct  Insertion  of  dimethylsilylene  into  a 
carbon-oxygen  single  bond  of  oxetane  in  a  single  step,  one  might  assume 


that  II  would  be  formed  in  a  vibrational ly  excited  ground  state.  This 
excess  vibrational  energy  could  be  lost  by  collisional  deactivation 
with  solvent  or  by  undergoing  a  retro-hydrosilation  reaction  to  yield 
i.9 


To  test  this  hypothesis,  the  photolysis  of  dodecamethylcyclohexasi lane 
in  oxetane  solvent  was  carried  out  at  -98°C  in  a  quartz  Dewar.  Under 
these  conditions,  we  expected  the  ratio  of  1 : 1 1  which  is  approximately 
1:1  at  0°  to  shift  in  favor  of  II.  However,  under  these  conditions, 
the  only  product  formed  is  I. 

This  led  us  to  propose  the  following  alternative  hypothesis. 

Initial  electrophilic  attack  by  dimethyl  si lylene  on  a  lone  pair  of 
electrons  of  the  oxygen  of  the  oxetane  yields  a  zwitterionic  intermediate  (III) 
which  can  react  further  by  two  pathways.  The  first  involves  intra¬ 
molecular  proton  abstraction  from  C-3  of  the  oxetane  ring  by  the 
negatively  charged  silicon  with  simultaneous  fragmentation  to  yield 
I.  A  unique  low  energy  vibrational  puckering  mode  of  the  oxetane  ring 
exists.^0  If  a  similar  vibrational  mode  exists  for  the  zwitterionic 
intermediate,  it  may  permit  the  facile  attainment  of  a  non-planar 
puckered  conformation  which  will  bring  a  hydrogen  atom  on  C-3  and  the 
negatively  charged  silicon  center  into  close  proximity.  This  would  favor 
this  reaction  pathway.  ^ _ 


HI 


The  second  pathway  involves  heterolytic  fragmentation  of  a  carbon- 
oxygen  single  bond  of  the  *wi ttcrionic  intermediate  to  yield  a  carbonium 
ion  -  silyl  anion,  a  1 ,5-zwi tterion  (lV);which  combines  by  cyclizatior. 
to  yield  II.  The  fact  that  at  -98°C  only  I  is  formed  indicates  that  the 
second  pathway  has  a  higher  energy  of  activation  than  the  first. 


Additional  support  for  this  proposal  comes  from  the  following  three 
experiments.  Reaction  of  dinethylsilylene  with  3,3-dimethyloxetane 
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yields  only  2,2,4,4-tetramethyl-l-oxa-2-silacyclopentane  (  V)  (90X) -  ’ 

Reaction  of  dinethylsilylene  with  2,2-dimethyloxctane  yields 
only  2,2,3,3-tetramethyl-l-oxa-2-silacyclopentane  fr I)  (265),  3-methyl- 
2-butenyloxydimethylsi lane  (VII)  (445)  ^  and  3-methyl -3-butenyloxydimcthyl - 

silane  frill)  (  1 30 -  The  regiospecific  formation  of  VI  is  expected  since 

heterolytic  fragmentation  of  a  carbon-oxygen  single  bond  of  the 

zwitterionic  intermediate  is  expected  to  lead  to  a  tertiary  carbonium 

ion  in  preference  to  a  primary  one.  The  formation  of  v 1 1  in  preference  to  VIII  is 

favored  by  the  greater  stability  of  the  more  substituted  alkene  product  ancj 

by  the  more  facile  abstraction  of  a  proton  from  a  2°  carbon  compared  to  a 

1°  one. 


On  the  other  hand,  reaction  of  dimethyl s 1 lylene  with  2-methyloxetane 
yields  2,2,3-trimethyl-l-oxa-2-silacyclopent<jne  (IX)  (291),  1-2- 
butenyloxydimethylsi lane  (X)  (26J),  Z-2-butenyloxydimethylsilane  (XI )  ( 22S) 
1-methylal lyloxydimethylsi lane  (XII)  (IX),  and  3-butenyloxydi.methylsilane 
(XIII)  (2X).  These  latter  two  minor  products  were  only  identified  by 
comparison  of  their  GlPC  retention  times  with  authentic  samples. 

The  regfoselective  formation  of  IX  is  expected  since  heterolytic 
fragmentation  of  a  carbon-oxygen  single  bond  of  the  zwitterionic  Intermediate 
is  expected  to  lead  to  a  secondary  carbonium  ion  in  preference  to  a 

primary  one.  jj,e  formation  of  IX  was  confirmed  by  independent 

synthesis  of  the  other  possible  isomer,  2 ,2 ,5- trimethyl -1 -oxa-2-si lacyclo- 
pentane  (XlV)^y  an  intranwlecular  hydrosi lation  reaction  of  1-methyl¬ 
al  lyloxydimethyls i lane  catalyzed  by  chloroplatinic  acia.^ 


CH3'\c^,(C,,3>2 
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The  predominant  formation  of  X  and  XI  rather  than  XII  may  result  from 
preferential  fragmentation  of  the  1 ,2-zwi tterionic  intermediate  to  form 
the  more  stable  alkenes.  The  relative  ease  of  proton  abstration  from 
a  secondary  carbon  compared  to  a  primary  carbon  may  control  the  relative 
amounts  of  XIII  and  XI  formed. 


Based  on  these  result  we  believe  that  the  riechanism  of  reaction  of 
dimethyl  si lylene  with  oxctancs  Involves  initial  electrophilic  attack  by 
dimethyl s i lylene  on  an  oxygen  lone  pair  of  electrons  to  yield  a  1,2- 
/wittenonic  intermediate  which  further  decomposes  to  yield  a  variety 
of  products.  These  results  should  encourage  caution  in  the  interpretation 
of  experir-Tits  involving  dimcthylsilylcne  carried  out  in  "inert"  ether 
solvents.  Thus  while  dimethylsi lylene  does  not  react  with  unstrained 
aliphatic  ethers  to  yield  products,  it  may  well  form  a  complex  with 
them.  Such  a  zwitterionic  complex  might  be  capable  of  delivering  dimethyl- 
silylene  to  various  substrates.  The  reactivity  of  dimcthylsilylcne 
may  well  be  influenced  by  such  solvation.  This  question  is  under  active 
investigation. 


Experimental 


Ir  spectra  were  determined  as  CC14  solutions  on  a  Perkin-Elmer  281 
spectrometer.  Nmr  spectra  were  recorded  on  a  Varian  XL- 1 00  spectrometer 
using  5X  solutions  in  CDCl^  with  an  internal  standard  of  chloroform. 

Mass  spectra  were  determined  on  a  duPont  21-492  at  an  ionizing  voltage 
of  70  eV.  Samples  of  all  compounds  for  spectra  analysis  were  purified 
by  preparative  vapor  phase  chromatography  on  a  Hewlett  Packard  FAM  700. 
Yields  of  products  were  determined  by  GLPC  with  cyclooctane  added  as 
an  internal  standard.  Yields  are  based  on  two  moles  of  dimethyl  si lylene 
per  mole  of  dodecamethylcyclohexasilane. 

Many  of  the  starting  materials  and  products  are  known  compounds. 

They  had  physical  and  spectral  properties  in  complete  agreement  with 
literature  values.  In  those  cases  where  spectral  data  have  not  been 
previously  reported,  we  have  included  these  data. 

Reaction  of  dimethyl  si lylene  with  oxetane.  A  solution  of  dodecanethyl- 

1415  Ifi 

cyclohexasilane  ’  (105  mg,  0.3  mnol )  in  oxetane  (1.16  g,  20  nmol) 

was  placed  in  a  quartz  nmr  tube.  The  solution  was  photolyzed  with  a 

450  W  medium  pressure  Hanovia  Hg  lamp  for  90  min  at  5°C  in  an  ice/water 

bath.  GLPC  analysis  of  the  resulting  colorless  solution  on  a  1/4" 

x  12'  20X  SE-30  on  Chromosorb  W  60/80  mesh  column  shewed  the  formation  of 

2,2-dimethyl -1 -oxa-2-si lacyclopentane4  (41X)  and  al  lyloxydimethylsi  lane"* 

(38X). 

2,2- Dimethyl -1 -oxa -2-si lacyclopentano  had  the  following  spectral 
properties.  l*nr  6  3.82  (t,  2H,  J  *  6  Hz),  1.85  (tt,  2H,  J  •  7.5  and  6  Hz), 
0.72  (t,  2H,  J  -  7.5  Hz),  0.18  (s,  6H).  Ir  Si-0  and  C-0  broad  1050,  and 
1085  cm*1.  Mass  spectrum:  Parent  m/e  ■  116  (13X),  P-1  m/e  «  115  (1.7X), 
P-15  m/e  -  101  (100X),  P-17  m/e  »  79  (16. 9X),  P-28  m/e  -  88  (22. 4%). 


% 
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Allyloxydimethylsi lane  has  the  following  spectral  properties. 

Nmr  «  5.93  (ddt,  1H,  J  *=  17.1,  10.2,  and  4.8  Hz),  5.23  (dq,  1H,  J  -  17.1 
and  1.7  Hz),  5.09  (dq,  1H,  J  *  10.2  and  1.7  Hz),  4.62  (sept,  1H,  J  ■ 

2.8  Hz),  4.16  (ddd,  2H,  J  »  4.0,  1.7  and  1.7  Hz),  0.21  (d,  6H,  J  *  2.8  Hz). 

Ir  Si ~H  2110  cm"*;  c*C  1650  cm’1,  Si-0  and  C-0  1030,1080  cm’1.  Mass  spectrum:  Parent 
m/e  *  116  (4.6X),  P-1  m/e  »  115  (22%),  P-15  m/e  -  101  (79. 7S),  P-17 
m/e  *  99  (592) ,  P-31  m/e  *  85  (15.61) .  m/e  -  75  (100?). 

Reaction  of  dimethylsilylcne  with  3,3-dimethyloxctanc.  A  solution  of 
dodecanethylcyclohexasi lane  in  3 ,3-dinethyloxatene ^  was  prepared  and 
photolyzed  as  above  to  yield  2,2,4,4-tetrdr:ethyl-l-oxa-2-silacyclopentane 
(90S).11,lt  It  had  the  following  spectral  properties:  Nmr  6  3.49  (s,  2H), 

1.03  (s,  6H),  0.66  (s,  2H), 0.21  (s,  6H).  Ir  Si-0  1020  cm’1.  Mass  spectrum 
Parent  m/e  «  144  (142) .  ealed.  C?H)60Si  144.097;  found  144.099;  P-15  m/e  * 

129  (13:),  m/e  -  99  (331) .  m/e  ■  89  (1001),  m/e  88  (54X). 

Reaction  of  dimethyl  si lylenc  with  2-methyloxetane.  A  mixture  of 
dodecamethylcyclohexasi  lane  (90  mg,  0.26  nmol)  and  2-methyloxetane  ^ 

(360  mg,  5  mol)  in  ether  (630  mg,  8.5  nnol )  was  placed  In  a  quartz 
nmr  tube.  The  solution  was  photolyzed  as  above  and  the  resulting  colorless 
solution  was  analyzed  by  GLPC  on  a  1/4"  x  28'  20%  SE-30  on  Chromosorb 
W  60/80  mesh  column.  E-2-butenyloxydimethyl si  lane  (26X  )  Z-2-butenyloxy- 
dimethylsilane  (221)  and  2,2,3-trimethyl  - 1 -oxa-2-si lacyclopentane  (29S) 
were  isolated. 

E-2-s  utcnyloxydimethylsilane  had  the  following  spectral  properties. 

Nnr  *  5.71  -  5.56  (m.  2H),  4.61  (sept,  1H,  J  -  2.8  Hz),  4.09  (d,  2H, 

J  -  3.9  Hz),  1.68  (d,  3H,  J  -  4.7  Hz),  0.20  (d.  6H,  J  -  2.8  Hz).  Ir 
Si-H  2115  cm*1;  Si-0  and  C-0  1080  and  1030  cm’1.  Mass  spectrum: 

Parent  m/e  •  130  (15. IX),  ealed.  C^OSi  130.081;  found  130.081; 

P-1  m/e  -  129  (6.2X),  P-15  m/e  -  115  (74. 21),  P-17  m/e  -  113  (5.9X), 


m/e  -  85  (17,71),  m/e  =  75  (100%). 

Z-2-Butenyloxydinethylsi lane  has  the  following  spectral  properties. 

Nmr  6  5.71  -  5.49  (m,  2H) .  4.62  (sept.  1H,  J  *  2.8  Hz),  4.22  (d,  2H, 

J  =  4.7  Hz),  1.70  -  1.60  (m.  3H),  0.21  (d,  6H,  J  =  2.8  Hz).  Ir  Si-H 
2120  cm'^Si-0  and  C-0  broad  1055  cm"'* .  Mass  spectrum:  m/e  ■  130  (20%), 
calcd.  C6H140Si  130.081;  found  130.081.  P-1  m/e  -  129  (15%),  P=15 

m/e  »  115  (60%),  m/e  =  85  (16%),  m/e  =  75  (100%). 

2, 2, 3- Trimethyl -1 -oxa-2-si lacycl Qpeptane  has  the  following  spectral 
properties.  Nmr  6  3.84  -  3.44  (m,  2H),  1.84-1.59  and  1.52-1.24  (m  and  m,  1H  and 
1H,  C-CH^C),  0.94  (d,  3H,  J  =  6Hz),  0.85-0.65  (m.lH),  0.066  and  0.05  (s  and  s 
3H  and  3H,  Si(CH3)2).  Ir  Si-0  and  C-0  broad  1035  and  1015  cm"1.  Mass 
spectrum:  Parent  m/e  =  130  (20%),  calcd.  CJI^OSi  130.081;  found  130.081. 

P-15  m/e  ■  115  (100%),  m/e  =  89  (27.6%),  m/e  =  88  (40%);.  m/e  =87  (12.1%), 
and  m/e  ■  75  (35.2%). 

1-Methylal lyloxydirethyl silane  was  prepared  by  reaction  of  3-buten-2-o! 

with  chlorodirethylsi lane  in  the  presence  of  N,N-dimethylani 1 ine.  It 

had  the  following  spectral  properties.  Nmr  $  5.83  (ddd,  1H,  J  *  17.1, 

10.3,  and  5.6  Hz),  5.14  (dt,  1H,  J  =  17.1  and  1.5  Hz),  5.00  (dt,  1H, 

J  «  10.3  and  1.5  Hz),  4.63  (sept,  1H,  J  *  2.9  Hz),  4.26  (dq,  1H,  J  * 

5.6  and  6.3  Hz),  1.23  (d,  3H,  J  *  6.3  Hz),  0.19  (d,  3H,  J  »  2.9  Hz), 

0.18  (d,  3H,  J  =  2.9  Hz).  Ir  Si-H  2110  cm"1;  C=C  1640  cm"1,  Si-0  and 

C-0  broad  1070  and  1020  cm  *.  1-Methylallyloxydimethylsilane  undergoes 

an  intramolecular  hydros! lation  reaction  catalyzed  by  chloroplatinic  acid 

to  yield  2,2,5-trimethyl-l-oxa-2-silacyclopentane.  The  procedure  used 
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was  modeled  after  that  of  Mironov.  A  mixture  of  150  mg  of  1-methyl- 
allyloxydinethylsilanc  and  6  yl  of  0.1  M  solution  of  ^PtCle’SHgO  in 
Isopropyl  alcohol  was  heated  to  boiling  and  then  over  a  period  of  2  h 
the  main  portion  (3  g)  of  the  1-methylallyloxydimethylsilano  was  added. 

After  cooling  to  room  temperature,  the  reaction  mixture  was  checked 
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by  1r  to  observe  complete  disappearance  of  Si -H  absorption.  2,2,5- 

Trimethyl  -l-oxa-2-si  lacyclc-pentane  was  then  collected  from  a  simple  bulb  to 

bulb  distillation.  It  had  the  following  spectral  properties.  Nmr  6 

4.02  -  3.90  (m,  1H),  2.03  -  1.91  and  1.44  -  1.31  (m  and  m,  1^  and  1H, 

GCH^C) ,  1.19  (d,  3H,  J  B  6  Hz),  0.89  -  0.63  (m,  2H),  0.16  (s,  6H). 

Ir  S1-0  and  C-0  1045  and  1010  cm'1.  Hass  spectrum:  Parent  m/e  = 

130  (0.55),  P-1  m/e  *  129  (1.7X),  calcd.  C^OSI  129.074;  found  129.074; 

P-15  m/e  =  115  (100S),  P-28  m/e  »  120  (30.55),  P-29  m/c  =  101  (7.45), 

m/e  =  87  (30.95),  m/e  «  75  (17.55). 

E-2-butenyloxydinethylsilane  was  prepared  independently  by  photolysis 

of  dodecamethylcyclohexasi lane  with  the  commercial  E-2-buten-l -ol  in 

ether.  This  reaction  involves  insertion  of  dimethyl  si lylene  into  the 
19 

0-H  single  bond.  3-Butenyloxydimethylsilane  was  prepared  from  3-buten- 
l-ol.  By  comparison  of  GC  retention  times,  1 -methyl al lyloxydimethyl si  lane 
(IX)  and  3-butenyloxydimethyl si  lane  (25)  were  found  in  the  photolysis 
of  dodecamethylcyclohexasilarie  in  2-methyloxetano. 

2,2-Dimethyl oxetane  was  prepared  from  4-bromo- 2-methyl -2-butanol 1 ^ 
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and  tributylmethoxytin  following  literature  methods  *  and  was 

purified  by  preparative  GLPC.  Nmr  6  4.00  (t,  2H,  J  =  8  Hz),  2.05  (t, 

2H,  J  *  8  Hz),  1.00  (s,  6H) . 

Reaction  of  dimethyls! lylene  with  2, 2-dimethyl oxetane.  A  solution 
of  dodecamethylcyclohexasi lane  in  2,2-dimethyloxatane  was  prepared  and 
was  photolyzod  as  above.  Analysis  of  the  resulting  colorless  solution 
by  GLPC  on  a  1/4"  x  28'  205  SE-30  on  Chromosorb  W  60/80  mesh  column 
showed  the  formation  of  3-methyl-3-butenyloxydimethyl silane  (135), ^ 
3-methyl-2-butenyloxydimethylsilane  (445),  and  2,2,3,3-tetramethyl-l- 
oxa-2-si lacyclopentane  (26X).  They  had  the  following  spectral  properties. 
3-Methyl -3-butenyloxydimethylsilane: ^  Nmr  6  4.76  (br.s,  1H),  4.71 


(br.s,  1H),  4.60  (sept,  1H,  J  »  2.9  Hz),  3.72  (t,  2H,  J  «  7.0  Hz), 


2.25  (t,  2H,  J  «  7.0  Hz),  1.73  (s,  3H),  0.19  (d,  6H,  J  *  2.9  Hz).  Ir 
S1-H  2110  on  ,  CBC  1650  cm  \  S1-0  and  C-0  broad  1085  and  1060  cm  1 . 

Mass  spectrum:  Parent  m/e  =  144  (2.5X),  ealed.  C^H^OSi  144.097;  found 
144.098;  P-1  m/e  *  143  (1.7%),  P-15  m/e  *  129  (40.6X) ,  m/e  *  101  (11. IX), 

m/e  «  99  (7.6X),  m/e  *  89  (100X),  m/e  =  87  (10.5%) ,  m/e  =  75  (24. 7X). 

3-Methyl -2-butenyloxydwrethylsilane:  Nmr  6  5.33  (t,  1H,  J  =  6.6  Hz), 

4.61  (sept,  1H,  J  =  2.8  Hz),  4.14  (d,  2H,  J  =  6.6  Hz),  1.72  (s,3H),  1.65  (s,3H), 
0.20  (d,  6H,  J  <=  2.8  Hz).  Ir  Si-H  2110  cm'1,  OC  1670  cm'1.  Si  =0  and 
C-0  broad  1050  and  1025  cm"1.  Mass  spectrum:  Parent  m/e  *  144  (5.8X), 
ealed.  C?H)60S1  144.097;  found  144.099;  P-1  m/e  *  143  (0.9%),  P-15 
m/e  *  129  (46.2%) .  m/e  *  101  (9.4X),  m/e  =  89  (7.9X),  m/e  =  75  (100X). 

2,2 ,3 ,3-Tetramcthyl -1 -oxa-2-s 1 1  a cyclopentane :  Nmr  6  3.86  (t,  ?H,  J  = 

6.2  Hz),  1.61  (t,  2H,  J  «  6.2  Hz),  1.02  (s,  6H),  0.11  (s,  6H).  Ir 

Si-0  and  C-0  1030  and  1020  cm"1.  Mass  spectrum:  Parent  m/e  =  144  (23.7%), 

ealed.  C?Hl60Si  144.097;  found  144.098.  P-15  m/e  *  129  (51.7%),  m/e  = 

101  (9.4%) ,  m/e  «  99  (4%),  m/e  *  89  (24X),  m/e  *  88  (20%),  m/e  =  75  (100X). 
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Abstract: 

The  mass  spectra  of  arylpentamethyldisi loxanes,  sym-diaryltetramethyl- 
disiloxancs,  and  1 ,5-diaryl -1 ,1 ,3, 3,5,5-hexamethyl trisi loxanes  arc  discussed. 
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Dlslloxanes  are  the  simplest  organosi 1  icon  compounds  which  process 

the  silicon-oxygen-sllicon  functional i ty .  Since  si  1 Icon-oxygen-s 1 1  Icon 

bonds  form  the  backbone  of  silicone  polymers,  disiloxanes  serve  as  useful 

volatile  models  for  these  Important  polymers.  While  considerable  work 

has  been  done  on  the  mass  spectral  fragmentation  patterns  of  trimethyl silyl 

ether  derivatives  of  alcohols,  very  little  work  has  been  done  on  the 

mass  spectra  of  disiloxanes.6,7  This  Is  unfortunate  because  it  Is  well 
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known  that  the  properties  of  tne  Si-O-Si  functional  group  '  are  quite 
different  from  those  of  the  Si-O-C  functional  group. 

In  this  paper  we  will  discuss  the  mass  spectra  of  several  types  of 
aryl  substituted  di si loxan es  and tri siloxanes  . 

The  mass  spectrum  of  phenyl pentanethy] di si  loxane  ( I )  is  dominated  by 
slliconlum  ions.  The  parent  ion  is  quite  weak,  probably  because  frag¬ 
mentation  of  a  methyl  group  from  the  quarternary  silyl  center  to  form  the 
M-15  ion  Is  such  a  favorable  process. The  stability  of  the  M-15 
slliconlum  ion  is  reflected  by  the  fact  that  itcarrics  over  60S  of  the 
total  Ion  current.  At  least  three  other  Important  slliconlum  Ions  are 
formed  by  fragmentation  and  rearrangement  of  the  M-15  Ion. 

A  major  process  Involves  loss  of  methane  from  the  M-15  Ion.  The 
observation  of  a  mctastable  peak  at  m/e  =  177-179  [calc,  m/e  *  (193)  / 209 
■  178.2]  as  well  as  the  exact  mass  of  the  m/e  ■  193  ion  determined  by 
peak  matching  [calc,  for  C^H^OSi^  193.050;  found  193.048]  support  this 
process.  A  possible  mechanism  for  formation  of  the  m/e  ■  193  Ion 
Involves  Initial  Intramolecular  electrophilic  attack  by  the  remote  sill  coni 


Ion  center  of  the  M-15  Ion  at  an  ortho  position  on  the  phenyl  ring  to 
yield  a  benzenonium  ion  which  re-aromatl zes  by  loss  of  a  hydrogen  from 
the  benzenonium  nucleus  and  a  methyl  group  from  a  silyl  center  as 
methane.  Examination  of  the  mass  spectrum  of  phenyl -d^-pentamethyldi - 
siloxane  (11)  Indicates  that  this  process  may  be  more  complicated. 

It  certainly  Involves  loss  of  a  methyl  group  from  silicon  and  most 
frequently  loss  of  one  deuterium  from  the  phenyl -d^  nucleus;  however, 
some  Isotopic  scrambling  process  occurs  which  leads  to  loss  of  methane 
rather  than  methane-d, . 

The  two  other  major  sillconium  ions  are  the  phenyl  dimethyl  si  1 iconium 
ion  at  m/c  ■  135  and  the  trimethyl  si  1  iconium  ion  at  m/if  =  73.  The  simplest 
explanation  for  their  formation  would  be  fragmentation  of  a  S1-0  bond 
of  the  parent  ion.  While  we  can  not  rule  these  process  out,  they  are  not 
supported  by  the  observation  of  appropriate  metastable  peaks.  On  the 
other  hand,  metastable  peaks  arc  observed  for  formation  of  these  sillconium 
Ions  by  fragmentation  of  the  M-15  ion.  Thus  the  formation  of  the  phenyl  dimethyl  - 
sillconium  ion  from  the  M-15  ion  by  loss  of  dimethylsilanone  [(CH^l^S^O] 

Is  supported  by  the  observation  of  a  metastable  peak  at  m/e  =  86.5  -  88 
[calc,  m/e  =  ( 1 o j )^/209  r  87.2],  while  the  formation  of  the  trimethyl s 1 1 1  - 
conlum  Ion  at  m/e  *  73  from  the  M-15  ion  by  loss  of  phenylmethyl si lanone 
[*CH  S i =03  is  supported  by  the  observation  of  a  metastable  peak  at  m/e  * 

25  -  26  [calc,  m/e  *  (73)  /209  «  25.7].  These  processes  are  outlined 
In  Scheme  I. 

Sllanones  are  reactive  intermediates  possessing  silicon-oxygen 
double  bonds.  They  have  been  produced  in  pyrolysis  reactions  by  Interaction 
of  Intermediates  possessing  silicon-carbon  double  bonds  with  non-enol izablc 
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ketones.  More  recently,  silanone  intermediates  have  been  genreated  by 

photochemical  deoxygenation  reactions  of  silylenes  with  DMSO.^ 


[(CH3)2S1«CHp  ♦ 


♦  C(ch3)2si-o] 


[(ch3)2si]  ♦  ch3-^-ch3  - ►  [(cn3)2si»o]  ♦  ch3-s-ch3 

While  there  are  many  analogies  between  the  high  energy  processes  of 

1 8 

pyrolysis-photolysis  and  mss  spectrometry ,  we  believe  that  these 

observations  are  the  first  examples  of  the  loss  of  silanones  [R2Si=0]  from 

siliconium  ion  in  the  gas  phase  in  a  mass  spectrometer. 

Finally,  it  should  be  noted  that  a  scries  of  doubly  charged  siliconium 

ions  are  of  importance  in  the  mass  spectra  of  I.  It  has  previously  been  observed 

that  doubly  charged  siliconium  ions  are  important  in  the  mass  spectrum  of 

19 

hexamethyldisiloxanes.  The  doubly  charged  ion  of  highest  mass  is  found  at 
m/c  *  104.5  which  corresponds  to  the  doubly  charged  M-15  ion.  Loss  of  a 
methyl  radical  from  the  quarternary  silyl  center  of  this  ion  leads  to  a 
bij-si 1 iconium  ion  at  m/c  *  97.  The  observation  of  an  isotope  peak  of  the 
appropriate  intensity  at  m/e  =  97.5  supports  this  assignment  of  the  m/e  * 

97.  The  stability  of  this  bU-si  1  iconiun  ion  is  reflected  by  the  fact 
that  it  carries  almost  lOt  of  the  total  ion  current.  The  Im-siliconium 
ion  of  m/c  e  97  undergoes  further  loss  of  methane.  This  process  is  supported 
by  the  observation  of  a  metastable  peak  at  m/e  *  81.5-82.5  [calc,  m/e  ■ 

(89)  /97  *  81. 7j.  A  possible  mechanism  for  formation  of  the  m/e  *  89  ion  involves 
Initial  intramolecular  cletrophilic  attack  by  the  remote  siliconium  ion  center 
at  an  ortho  position  of  the  phenyl  ring  to  yield  a  benzenonium  ion  which  re-aromati 
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by  loss  of  hydrogen  from  the  benzenonlum  nucleus  and  a  methyl  group  from 
a  s 1 1 y 1  center  as  methane.  The  mass  spectrum  of  II  supports  this  process 
since  ncthano-dj  Is  exclusively  lost.  These  processes  are  outlined  In 
Scheme  II. 

Similar  fragmentation  patterns  supported  by  appropriate  metastable 
peaks  were  observed  for  II  and  for  £-toly1 pcntamethyl di si loxane  (III) 

(sec  Table  I  for  supporting  data). 

The  second  group  of  aryl  substituted  dislloxanes  whose  mass  spectra 
we  have  examined  Is  composed  of:  sym-tetrancthyldl phenyl dls 11 oxane  (IV), 
sym-tetra^ethyl diphenyl -(2 ,4 ,6-2'  ,4'  ,6'  J-d^-dlsI loxane  (V),  sym-tctra- 
methyldiphenyl-djQ-disIloxane  (VI),  and  syi-tetramc-thyldl  -j>-tolyl  dls  11  oxane 
(VII),  1 ,1 ,1 ,3-tetramethyl -3 , 3-d i phenyl dl si loxane  (VIII)  and  1,1,1- 
tri methyl -3,3,3-trip  .cnyldl si loxane  (IX). 

The  mass  spectrum  of  syr-tetramethyldiphcnyldlslloxane  (IV)  Is 
dominated  by  slllconium  ions.  The  parent  Ion  Is  quite  weak,  probably  due 
to  the  fact  that  fragmentation  of  a  methyl  group  from  a  quarternary 
s 1 1 y 1  center  to  form  the  M-15  slllconium  Ion  Is  such  a  favored  process. 

The  stability  of  the  M-15  Ion  Is  reflected  by  the  fact  that  It  carries  30X 

of  the  total  Ion  current.  On  the  other  hand,  loss  of  a  phenyl  group  from 

the  parent  ion  to  form  the  M-77  ion  at  m/e  «  209  Is  a  much  less  favorable 
process.  The  M-15  undergoes  further  fragmentation  and  rearrangement  to 
yield  at  least  four  other  slllconium  ions  which  are  Important  In  the 
mass  spectrum  of  IV. 

A  major  process  Involves  loss  of  benzene  from  the  M-15  Ion.  The 
observation  of  a  metastable  peak  at  m/e»  136  -  139  [calc,  m/e  ■ 

(193)^/271  »  137.5]  as  well  as  the  exact  nrss  of  the  m/e  ■  193  Ion 
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determined  by  peak  matching  [calc,  for  C^H^OSI^  193.050,  found  193.052] 

support  this  process.  The  importance  of  this  process  is  reflected  in  the 

fact  that  the  m/e  ■  193  ion  carries  15;  of  the  total  ion  current. 

A  possible  mechanism  for  formation  of  the  m/e  a  193  ion  involves  initial 

Intramolecular  electrophilic  attack  by  the  remote  slliconium  Ion  center 

of  the  M-15  ion  at  an  ortho  position  of  the  distant  phenyl  ring  to 

yield  a  benzenonium  ion  which  re-aromatlzes  by  loss  of  a  hydrogen  from  the 

benzenonium  nucleus  and  a  phenyl  group  from  a  silyl  center  as  benzene. 

This  benzenonium  ion  can  also  rc-aromatize  by  loss  of  hydrogen  from  the 

benzenonium  nucleus  and  a  methyl  group  from  a  silyl  center  as  methane 

to  yield  the  m/e  n  255  siliconium  ion.  This  process  is  supported  by 

the  observation  of  a  metastable  peak  at  n/c  *  239  -  242  [calc,  m/c  ■ 

2 

(255)  /271  «  239.9].  However,  the  loss  of  methane  is  not  favored  since 

the  m/e  *  255  ion  carries  only  approximately  IS  of  the  ion  current. 

Examination  of  the  mass  spectra  of  V  and  VI  support  these  processes. 

Thus  benzene-d^  Is  lost  in  the  case  if  VI.  However,  the  hydrogen  which 

Is  lost  from  the  benzenonium  ion  nucleus  apparently  may  not  come  specifically 

from  the  ortho  site  of  electrophilic  attack.  Thus  V  looses  both 

benzene-d^  and  benzcnc-d^  in  this  process.  Isotopic  scrambling  of 

hydrogens  and  deuteriums  in  benzenonium  ions  formed  by  intramolecular 

electrophilic  attack  by  siliconium  ions  centers  on  aryl  groups  has  been 

20 

previously  reported. 

The  M-15  ion  also  fragments  by  loss  of  dimethyl sllanone  [ (CH^/^SI *-0] 
to  yield  the  diphenylmethylslllconium  Ion  at  m/e»  197.  This  process  Is 
supported  by  the  observation  of  a  metastable  peak  at  m/e  ■  143.2  -  143.4 
[calc,  m/c  »  (197)^/271  ■  143.3],  Finally,  the  M-15  Ion  fragments  by  loss 
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of  phony lmethyl si larone  [^CH^Si-O]  to  yield  the  phenyldimethylsil iconium 
Ion  at  m/e  ■  135.  A  metastable  peak  for  the  analogous  process  was 
observed  In  the  mass  spectrum  of  V.  However,  no  metastables  were  seen 
In  the  spectra  of  IV,  VI,  or  VII.  An  alternative  process  for  formation 
of  the  phenyldimethylsil iconium  ion  is  simple  fragmentation  of  an  Si-0 
bond  of  the  parent  ion.  This  possibility  is  not  supported  by  appropriate 
ir.ctastable  peaks  in  the  spectra  of  any  of  the  sym-dlaryl  tetramethyldisi lexanes 
studied.  The  stability  of  the  phenyldimethylsil iconium  ion  is  reflected 
by  the  fact  that  it  carries  almost  10?  of  the  total  ion  current.  These 
processes  are  outlined  in  Scheme  III. 

The  H-15  ion  is  important  in  the  mass  spectra  of  both  VIII  and 
IX.  In  both  spectra  this  ion  carries  about  25?  of  the  total  ion  current. 

In  both  the  loss  of  benzene  from  the  H-15  is  a  very  important  process. 

Thus  in  the  mass  spectra  of  VII  the  loss  of  benzene  from  the 

H-15  ion  is  supported  by  the  observation  of  a  metastable  peak  at 

m/e  «  136  -  13S.5  [calc,  m/c  -  (193)?/271  -  137.5]  as  well  as  by  the 

exact  mass  of  the  m/c  *  193  ion  determined  by  peak  matching 
[calc,  for  CgH^OSi^  193.050;  found  1  93.052].  The  m/e  *  193  ion  carries 
greater  then  13?  of  the  total  ion  current.  In  the  mass  spectra  of  IX 
the  loss  benzene  from  the  H-15  ion  is  supported  by  the  observation  of  a 
metastable  peak  at  m/e  *  195  -  197  [calc,  n/e  ■  (255)^/333  B  195.3] 
as  well  as  by  the  exact  mass  of  the  m/e  ■  255  ion  determined  by  peak 
matching  [calc,  for  C^H^OSi^  255.066,  found  255.068].  The  m/e  ■  255 
Ion  carries  greater  than  16?  of  the  total  ion  current.  This  process 
Is  outlined  in  Scheme  IV. 
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It  should  be  noted  that  a  series  of  doubly  charged  ions  are  of 
Importance  in  the  mass  spectra  of  diaryltetramethyldisiloxancs  IV,  V,  VI, 

VII  and  VIII.  The  doubly  charged  ion  of  highest  mass  in  the  spectra  of 
IV  is  found  at  m/e  *  143  which  corresponds  to  a  doubly  charged  parent 
ion.  An  isotope  peak  cf  appropriate  intensity  at  m/e  »  143.5  confirms 
this  assignment.  Loss  of  a  methyl  radical  from  this  doubly  charged  ion 
leads  to  the  m/e  ■  135.5  doubly  charged  siliconium  ion.  This  ion  may 
also  be  formed  by  loss  of  an  electron  from  the  M-15  siliconium  ion. 

The  doubly  charged  m/e  »  135.5  ion  further  fragments  by  loss  of  methyl 
radical  probably  from  the  uncharged  silyl  center  to  yield  a  bi s-sll iconium 
Ion  of  m/e  ■  128.  An  isotope  peak  of  appropriate  Intensity  at  m/e  ■  128.5 
supports  this  assignment.  This  his-si 1 iconium  ion  further  fragments  by 
loss  of  benzene  to  yield  the  bis-sil iconium  ion  of  m/e  a  89.  A  possible 
mechanism  for  formation  of  the  m/e  •  89  doubly  charged  ion  involves 
Initial  Intramolecular  electrophilic  attack  by  the  remote  siliconium  ion 
center  cn  the  distant  phenyl  ring  to  yield  a  benzenonium  ion  which 
rc-arorati zes  by  lost  of  a  hydrogen  from  the  benzenonium  ion  and  a  phenyl 
group  from  a  silyl  center  as  benzene.  The  stability  of  the  doubly  charged  iens 
of  m/e  ■  128  and  m/e  ■  89  is  reflected  in  the  fact  that  they  carry 
respectively  3T  and  5S  of  the  total  ion  current.  These  processes  are 
outlined  in  Scheme  V. 

Similar  fragmentation  patterns  supported  by  appropriate  mctastable 
peaks  were  observed  from  dlaryltetramethyldlsiloxanes  (IV,  V,  VI,  VII  and 
VIII)  and  for  1 ,1 ,1 -trimethyl -3,3.3 -tri phenyldisl loxane  ( IX)  (See  Table 
II  for  supporting  data). 

We  have  examined  the  mass  spectra  of  four  1 ,5-dlaryl -1 ,1 ,3,3,5,5- 
hexamethyltrisiloxanes:  1 ,1 ,3,3,5,5-hcxamethyl -1 ,5-diphonyltrlslloxane  (X), 
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1 .1 .3.3.5.5- hexamethyl -1 ,5 -diphenyl -(2,4, 6-2 ' ,4* ,6' )-d^-tr1si loxane 
(XI),  1 ,1 ,3,3,5,5-hexamethyl -1 ,5-diphcnyl -dj0-tr1si loxane  (XII),  and 

1 .1 .3.3.5.5- hexamethyl -1 ,5-di -£-tolyl trislloxane  (XIII).  The  parent 
Ion  Is  quite  weak.  Loss  of  a  methyl  radical  from  the  parent  Ion  leads 
to  the  M-15  siliconlin  ion  at  m/e  ■  345,  whose  stability  Is  reflected 

In  the  fact  tha*  It  carries  43X  of  the  total  1o.<  current.  By  comparison 

loss  of  a  phenyl  from  the  parent  is  a  very  unimportant  process.  The 

M-15  ion  undergoes  further  fragmentation  and  rearrangement  to  yield  at 

least  three  other  important  siliconium  ions. 

A  major  process  Involves  loss  of  benzene  from  the  M-15  ion  to 

yield  a  siliconium  ion  of  m/e  B  267  which  carries  8X  of  the  total  ion 

current.  The  observation  of  a  metastable  peak  at  m/e  «  205  -  208 
2 

[calc,  m/e  ■  (267)  / 345  ■  206.6]  supports  this  process.  A  possible 
mechanism  for  formation  of  this  ion  involves  an  intramolecular  electro¬ 
philic  attack  by  a  terminal  siliconium  ion  center  on  a  remote  phenyl  group 
of  the  M-15  ion  to  yield  a  benzenonium  ion  which  re-aromatizes  by  loss 
of  a  hydrogen  from  the  benzenonium  nucleus  and  a  phenyl  group  from 
silicon.  This  process  is  also  observed  in  the  mass  spectra  of  XI,  XII, 
and  XIII.  In  the  case  of  XII,  the  M-15  ion  loses  benzene-d^  while  in 
the  case  of  the  M-15  ion  XIII  loses  toluene.  The  mass  spectrum  of 
XI  is  more  compl icated.  The  M-15  ion  loses  both  bcnzcnc-d^  and  benzene-d^. 
Apparently,  scrambling  of  hydrogen  and  deuterium  occurs  In  the  benzenonium 
nucleus  prior  to  loss  of  benzene. 

The  M-15  ion  also  rearranges  and  undergoes  loss  of  tetramethyl- 
cyclodisiloxanc  to  yield  the  diphenylmethylsiliconlum  ion  at  m/e  ■  197, 
which  carries  6X  of  the  total  ion  current.  A  metastable  peak  at  m/e  ■ 
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112  -  113  [calc,  m/e  *  (197)^/345  ■  112.5]  supports  this  process. 

The  loss  of  tetramethylcyclodislloxane  Is  of  Interest  since  It  Is  unknown. 
Although  It  Is  a  reasonable  intermediate  In  the  cyclo-oligomerization  of 

16  yy 

dimethyl  si lanone  to  yield  hexamethylcyclotrisiloxane  in  the  gas  phase.  * 

In  addition,  It  has  previously  been  proposed  to  account  for  the  mass 

22 

spectra  of  methyl  slloxanes.  The  M-15  ion  also  fragments  with  loss 
of  trimethylphenylcyclodlslloxane  to  yield  the  dimethyl  phenyls i 1 iconiun 
Ion  at  n/e  =  135  which  carries  121  of  the  total  Ion  current. 

A  metastable  peak  at  m/e  *  52.5  -  53.0  [calc,  m/e  «  (135)?/345  =  52.8] 
support.,  this  process.  Alternatively,  the  m/e  ■  135  siliconium  ion 
may  be  formed  by  fragmentation  of  a  terminal  Si-0  bond  of  the  parent 
Ion.  While  this  possibility  can  not  be  eliminated,  it  is  not  supported 
by  the  observation  of  appropriate  netastable  peaks.  These  processes  are 
outlined  in  Scheme  VI. 

The  M-15  Ion  also  loses  a  methyl  radical  to  yield  a  doubly  charged 
siliconium  ion  of  m/e  ■  165,  which  carries  71  of  the  ion  current.  An 
Isotope  peak  at  m/e  «  165.5  of  appropriate  intensity  supports  this 
assignment.  This  doubly  charged  Ion  undergoes  loss  of  benzene  to  yield 
A  doubly  charged  siliconium  ion  of  m/e  3  126,  which  carries  21  of  the 
Ion  current.  This  process  is  supported  by  the  observation  of  an  appropriate 
netastable  peak  at  m/o  -  96  -  97  [calc,  m/c  «  (126)^/165  *  96.2].  A 
possible  mechanism  for  the  formation  of  this  ion  Involves  an  Intramolecular 
electrophilic  attack  by  a  siliconium  on  a  remote  phenyl  group  to  yield 
A  ben zenonium  ion  which  re-aromatizes  by  loss  of  hydrogen  from  the 
benzenonium  nucleus  and  a  phenyl  group  from  a  silyl  center.  These 
processes  are  outlined  in  Scheme  VII. 
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Expcriiiiental 

1R  spectra  were  determined  as  10%  solutions  in  CC1 ^  on  a  Perkin- 
Elmer  281  spectrometer.  They  were  calibrated  versus  known  bands  of  a 
polystyrene  film.  UV  spectra  were  run  in  spectro-qual i ty  cyclohexane 
on  a  Beckman  Acta  M  spectrometer.  NMR  samples  were  run  as  0.1  molar 
solution  in  acetone-d^  with  dichloromethane  as  an  internal  standard  on 
a  Varian  X 1  - 1 00- 1 5  operating  in  the  CW  mode.  All  samples  were  purified 
by  gas  liquid  phase  chromatography  (GLPC)  on  either  a  36"  x  0.25"  20% 

DCQf-1  on  Chromosorb  W  60/80  mesh  or  on  a  36"  x  0.26"  20%  SE-30  on  Chromosorb 
W  60/80  mesh  column  on  a  Hewlett-Packard  f&M  700  chromatography.  Low 
resolution  mass  spectra  were  determined  at  70  eV  by  using  an  AC  I  MS-9 
spectrometer  at  the  Jet  Propulsion  Laboratory,  Pasadena,  California. 

High  resolution  mass  spectra  were  run  on  a  DuPont  21-492  at  70  eY 
Ionizing  voltage  at  the  California  Institute  of  Technology  Analytical 
Laboratory,  Pasadena,  California. 

Virtually  all  of  the  siloxanes  studied  arc  known  compounds.  They 
were  prepared  following  literature  methods.  Their  physical  and  spectral 
properties  are  in  full  agreement  with  literature  values.  In  those  cases 
where  complete  spectral  information  has  not  been  previously  reported, 
we  have  included  this  data. 

1  Oil 

Phenyl pcntamethyldi si loxanc.  ’  NMR  6  7.17  ppm  (m,  5H),  0.07  (*, 

6H),  -0.016  (s,  9H).  UV  X  272.3  nm  (c  *  152), 

max 

267.9  (212),  266.2  (207),  261.4  (233),  255.5  (162),  249.0  (92),  221.2 
(6373),  212.0  (9392).  IR  S1-CH3  1252,  Si-Ph  1155,  and  Si -0-S1  1050  cm-1. 

Phenyl-d^-pentamethyldisiloxane  was  prepared  by  photochemical 
oxidation  of  phenyl-d^-pentaethyldisi lane  with  DMSO.^4  IR 

C-D  2275,  S1-CH3  1256,  and  Si-0-Si  1050  cm'1.  Mass  spectral  data:  sec 
Table  I. 
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Phenyl-d^-pentamethyldisllane  was  prepared  as  follows:  to  0.43  g 

(18.0  mmol)  of  Mg  turnings  in  a  flame-dried  100  ml  three  necked  flask 

equipped  with  a  magnetic  stirring  bar,  a  reflux  condenser,  a  gas  inlet, 

and  a  pressure  equalizing  addition  funnel  was  added  3.0  g  (18.0  mmol) 

25 

of  bromobenzene-d^  in  50  ml  of  THF  dropwise  over  15  minutes.  The 
mixture  was  stirred  for  three  hours  at  r.t.  Pentamethylchlorodisilane 
3.0  g  (18.0  mol)  was  added  dropwise  over  20  minutes.  The  reaction  was 
stirred  at  reflux  for  18  h  then  allowed  to  cool  to  room  temperature. 

The  magnesium  salts  were  removed  by  filtration  through  Celite  and  the 
filtrate  was  washed  with  a  saturated  solution  of  NH^Cl.  The  organic 
layer  was  concentrated  by  simple  distillation.  A  sample  of  phenyl-d^- 
pentancthyldisi lane  was  purified  by  GLPC  on  SE-30.  Phenyl -d^-penta- 
methyldisi lane:  IR  C-D  22C0,  C-D  2240,  Si-Ph  1610,  1400.  Si-(CH3)3  1250. 

Mass  spectral:  m/e  =  213  M,  7.6X,  198,  M-15,  8.2t,  140,  $-d^i  (CH3)2. 

£-Tolylpcntamethyldisiloxane:24  UV  271.7  (198),  266.0  (251), 

259.8  (209),  253.3  (162),  227.4  (8536),  2234  (10,563),  218.6  (9496). 

sym-Tc trame thy ldi phony ldi si loxane . 

sym-Tetramethyldi phenyl -d^-disi loxane  (V)  was  prepared  by  reaction  of 

2 ,4 ,6-trideu teriophenylmagneslum  chloride  with  1 ,3-dichlorotetramethyl - 
30  31 

disiloxane  '  as  follows:  to  0.29  g  (12.1  mmol)  of  Mg  turnings  in  a 
flame  dried  50  ml  three-necked  flask  equipped  with  a  magnetic  stirring 
bar,  a  reflux  condenser,  a  gas  inlet,  and  an  addition  funnel,  1.44  g 
(12.54  mol)  of  chloro-2,4,6-trideuterobenzene32(73X  d3,  231  d^,  46X  d^)33 
in  25  ml  of  THF  was  added  over  15  minutes.  The  reaction  mixture  was  stirred 
while  refluxing  for  12  h  until  all  the  magnesium  was  dissolved.  The 
solution  was  allowed  to  cool  to  room  temperature  before  0.80  g  (6.0  mmol) 
of  1 ,3-dichloro-l ,1 ,3,3-tetramethyldisiloxane3^  was  added  dropwise  over 
20  minutes.  The  reaction  was  refluxed  for  another  18  h.  The  solid 
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material  was  filtered  from  the  cooled  solution  and  the  filtrate  was 

extracted  with  Et^O/H^O  t  The  organic  extract  was  concentrated  by 

simple  distillation.  A  sample  of  V  was  purified  by  GLPC.  It  had  the 

following  spectral  properties.  IR  C-D  2200,  Si-CM^  1258,  Si-Ph  1135, 

Si-O-Si  1054  cm'  .  Hass  spectral  data  see  Table  II. 

sjm)-Tetramethyldiphcnyl-d)0-disiloxane.  VI  Hass  spectral  data.  Table  I 

sym-Tetramethyl -di-p-tolyldlsi loxane:  VI 1 30* 31,35  UV  287.5  (59), 

270.9  (448),  265.1  (568),  258.5  (517),  254.0  (433),  228.5  (19,049), 

223.0  (23,829),  219.8  (23,739),  1R  Si -CH3  1252,  Si-Ar  1110,  and  Si-O-Si 

1050  cm"1.  NMR  6  7.22  (m,  4H),  2.33  (s,  OH),  0.37  (s,  12H). 

1 ,1 ,1 ,3-Tetramethyl-3,3-diphenyldisiloxane:^’"4  Ill  UV  270.5  (404), 

266.0  (510),  264.0  (536),  259.6  (555),  253.4  (411),  247.8  (278),  223  (15,818), 

215  (17,400).  1R  Si-CHJ  1255,  Si-Ph  1115,  and  Si-O-Si  1060  cm*1. 

1 ,1 , 1 -Trimethyl -3, 3, 3- tripheny I disi loxane  IX^ .36 ,37 

23  34 

1.1 .3.3.5. 5- Hexamethyl-l ,5-diphenyl trisiloxane:  ’  X  UV  271.8 
(475),  267.0  (653),  265.3  (655),  261.0  (741),  255.0  (584),  249.4 
(431),  211.0  (26,601). 

1 .1 .3.3.5 . 5- Hexamethyl-l ,S-di phenyl -(2,4 ,6-2' ,4 ' ,6’ ) - tr i si loxane: 

XI  was  prepared  by  addition  of  2,4,6-trideuteriophenylmagncsium  chloride 

30 

to  1 ,5-dichloro-l ,1 ,3,3,5, 5-hexamethyldisiloxane  as  above.  It  had 
the  following  spectral  properties.  IR  C-D  2245,  Si-CH^  1260,  Si-Ph 
1135,  S1-0  1080  and  1045  cm'1.  Hass  spectral  data,  see  Table  III. 

1 .1 .3. 3.5. 5- Hexamethyl-l ,5-diphcnyl -d^Q-trisIloxane:  XII  was 

prepared  by  reaction  of  phenyl-d^-magnesium  bromide  with  1 ,5-dichloro- 

30 

1 ,1 ,3,3,5,5-hexamethyltrisiloxane  as  above.  It  had  the  following 
spectral  properties  IR  C-D  2270,  and  2240,  Si -CH3  1258,  Si-0  1030  and  1045 
cm*1.  Hass  spectral  data,  see  Table  III. 


1,1 ,3,3,5, 5-Hexamethy 1  - 1 . 5-di -£>- tolyl trisi 1 oxane :  XIII  was  prepared 

by  reaction  of  £-toly1magnesium  bromide  with  1 ,5-dichlor o-l ,1 , 3, 3,5,5- 

30  31 

hexamethyl trisloxane  ’  as  above.  It  had  the  following  spectral 
properties.  UY  269.1  (427),  262.8  (638),  256.8  (485),  251.7  (414),  227 
(24,040),  223.5  (28,186),  218  (26,867),  214  (25,086).  IR  Si -CH3  1258, 
Si-Ph  1110  and  Si-0  1040  cm'1.  NMR  fi  6.94  (m,  8H),  2.33  (s,  6H),  0.11 
(s,  12H),  0.05  (s,  6H).  For  mass  spectral  data,  sec  Table  III. 
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HASS  SPECTRA  OF  ARYlPCNTArETHTlDISIlOJlANES 


*/e  Ph 


'i  ijTij 


33* 

33.9 

335 

11.1 

3*8 

9.4 

3*9 

3.1 

350 

1.3 

Ketistebles  !»:  61.5-62.2  (69)2/218  •  61.9;  111. 8-11?. 2  (1 79)?/2B6  •  112  0; 

112.3-112.7  (I20)2/218  •  112.5.  120.8-121.1  (1?8)2/13S.S  •  120.9;  136-139 
(193)2/271  •  137.5.  143.2-1*3.*  (197)2/271  •  1*3.2,  239-2*2  (2S5)2/271  •  239.9. 

Hetestebles  V.  61.5-63.0  (90)?/13!  ■  61.8.  68.5-69.0  (138)?/277  •  68.8, 

114-115  (1 2? . 5)2/l 31  ■  114.6.  136  -  319  (195)?/277  •  137.3.  1*8.5-149  (703)2/277  • 
148.8;  164-165  (1 79)?/195  •  164.3,  2*2-247  (?60)?/277  *  2*4.0  end  (261)2/277  • 

245.9. 

Metestebles  VI:  62-63  (91 )2/l 33  *  62.2;  77.2-77.9  (8*)2/91  •  77.5;  137-139 
(197)2/231  •  138.1.  152.5-153.5  (207)2/281  *152.5;  2*5-252  (?6«)2/281  •  2*8.0. 

Hetestebles  VII :  61.5-61.8  (96)2/149.5  •  61.7;  87-83  (69)2/<>6  •  82.5;  126-127 
(1 34 )2/ 1*2  *  126.5.  1*2-146  (207)2/299  •  143.3;  168-170  (22S)2/?99  •  169.3; 

176-181  (191 )2/207  •  176.2  end  (193)2/207  *  180.0;  265-270  (233)2/299  • 

267.9. 

Metstebles  VlII  end  ?«ek  KetcMrS  61.5-62.0  (69)2/128  •  61.9;  112-114  (120)2/1?8  • 
112.5;  119-121  (128)2/135.5  •  120.9;  127.5-129  (135.5)2/1*3  •  128. «.  136-138.5 
(193) 271  •  137.5,  236-2*2  (255JV271  •  239.9;  bfgh  resolution  mess  spectre 
c«lc.  for  CjHjjOSIj  193.050;  found  193  052. 

Metestebles  U  end  Peek  HetcMn)-.  54. 5-5*. 8  (13S)2/333  •  54.7;  90-91  (120)2/159  • 
90.6;  137-138  (193)2/271  •  137  5;  ISO-153  (159)2/166.5  •  151.8;  195-197  (255)?/233  * 
195.3;  300  -  30?  (317)2/333  •  301.8;  high  resolution  mess  spectre  celc.  for  c J4H1 


255.066.  found  255.063. 


TABLE  II 


f  1 

HASS  SPECTRA  OF  1 ,1 ,3,3,5,5-HEXANETHYL-l , 5- D I ARYLTHI S I LOXANES 


m/e 

Pha 

ph-dj" 

Ph-d5C 

Jj-tolyl'1 

m/e 

Pha 

ph-dj6 

Ph-d5C 

E-t 

73 

9.6 

9.1 

14.6 

12.1 

149 

54. 

150 

9. 

75 

3.0 

151 

10. 

77 

4.0 

• 

78 

4.1 

157 

3.0 

91 

3.1 

5.6 

14.2 

159 

0.6 

92 

4.0 

159.5 

1.6 

160 

1.4 

96 

3.4 

4.0 

161.5 

0.4 

2.4 

162 

2.4 

103 

4.3 

165 

17.9 

105 

3.0 

14.2 

165.5 

5.1 

166.0 

3.1 

107 

3.0 

108 

1.9 

167 

2.2 

167.5 

8.2 

110 

3.9 

168 

18.6 

168.5 

6.8 

112 

3.4 

169 

2.7 

169.5 

4.1 

118 

5.4 

170 

46.3 

119 

3.1 

• 

7.5 

170.5 

13.4 

171 

6.8 

2 

121 

3.0 

6.7 

171.5 

0 

172 

0 

126 

7.2 

0.8 

3.5 

126.5 

2.1 

1.1 

179 

17 

127 

1.1 

5.0 

179.5 

6 

127.5 

5.0 

180 

3 

128 

1.8 

12.2 

128.5 

4.1 

193 

8.5 

3 

129.0 

2.1 

• 

195 

8.9 

3.2 

131 

3.8 

3.0 

196 

5.1 

3.1 

7 

197 

16.2 

1.8 

13.4 

133 

3.5 

0.7 

3.9 

16.7 

198 

3.4 

1.9 

3.7 

133.5 

3.8 

199 

1.3 

1.7 

134 

2.4 

135 

34.0 

8.3 

202 

9.5 

136 

4.3 

203 

13.9 

137 

3.4 

9.1 

204 

3.2 

138 

36.4 

139 

5.5 

4.3 

206 

4.1 

140 

4.3 

3.4 

80.5 

207 

43.9 

20 

141 

10.0 

208 

8.0 

5 

142 

• 

3.9 

209 

2.0 

6 

145 

5.4 

223 

• 

7 

147 


4.6 


>  m/cv 


p-tolyl 


m/e  Pha  Ph-d3b 


345  100.0 

346  33.2 


11.4 

47.4 

100.0 

36.4 

14.5 
3  2 


19.5 

100.0 

75.6 
35.4 

7.3 


aMetastables:  52.5-53.0  (135)2/345  =  52.8;  96-97  (126)?/165  «  96.2;  112-113 
(197)?/345  *  112.5,  134-136  (193)2/267  =  135.2;  149-150  (157)2/165  =  149.4; 
205-208  (267)?/345  =  206.6,  310-315  (329)?/345  *  313.7. 
bMeta stables:  54-55  (138)2/351  =  54.2;  96-98  (127)2/168  «  96.0;  116-118.5 
( 203 )2/ 351  *  117.4,  150-153  (159.5)2/168  -  151.4;  205-207  (269)2/351  -  206.2; 
236-239  (253)?/269  =  237.9. 

cMc tastablcs:  54.5-56  (140)2/355  *  55.2;  96-98  (128)2/170  *  96.4;  120-122 
(207)2/355  «  120.7;  205-208  (271)2/355  -  206.9;  238-242  (255)2/271  =  239.9; 
319-324  (338)2/353  *  321.8. 

^He tastablcs:  98-100  (133)2/1 79  •  98.8;  134-137  (255)?/373  =  135.7;  162-165 
(171)2/179  *  163.4;  211-213  (281)2/373  «  211.7;  340-342  (357)2/373  *  341.7. 


p-tolyl] 


100.0 

37.5 

17.5 
4.6 


